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explains the distribution of timber in slightly hilly and level 
regions like the one under consideration, as has been shown 
above. It explains the existence of prairies where the rain-fall 
may be extreme even, for the precipitation of moisture may be 
caused by extreme changes of temperature, and the changeable 
climate which may produce much rain may also produce intervals 
of great dryness. It explains why the timber areas may some- 
times correspond to geological formations, as urged by Professor 
Whitney. The soil either carrying the rain-fall away rapidly or 
retaining it ; either cutting off the surface from the springs of 
water below, or drawing it up like a sponge ; either rendering the 
climate more uniform by its better conducting power, or allowing 
the changes of the atmosphere to govern too perfectly the tem- 
perature of the surface of the ground. It may explain to some 
degree the fact that the grass of the prairie prevents the advance 
of timber in a hilly region by its preventing the showers entering 
and moistening the roots of larger forms of vegetable life. It 
also suggests certain means for securing the healthy and contin- 
ued growth of groves, indicating the more favorable positions for 
them, showing methods of economizing the rain-fall in places 
where it may be scanty, etc. 

In conclusion,' therefore, while acknowledging that prairie fires, 
the amount and distribution of rain-fall, the nature of the soil, 
the temperature and inclination of surface, that all may have more 
or less importance in explaining the origin of forests and prairies ; 
we may nevertheless be convinced that the fundamental condition 
of forest growth is a constant medium humidity of air and soil. 
Let us, therefore, while not neglecting our pluviometers look more 
■carefully to our hygrometers in our study of this subject. 



-:o:- 



THE FIELD-WORK OF THE UNITED STATES GEO- 
LOGICAL AND GEOGRAPHICAL SURVEY OF THE 
TERRITORIES, UNDER THE DIRECTION OF PROF. 
F. V. HAYDEN, FOR THE SEASON OF 1877. 

ON the completion of the survey of Colorado last year, it was de- 
termined that the work of the United States Geological and Geo- 
graphical Survey of the Territories, under the direction of Prof. 
Hayden should continue northward into Wyoming and Idaho. The 
belt of country including the Pacific Railroad having been explored 
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and mapped in detail by the Survey of the Fortieth Parallel, 
under Clarence King, Esq., it was deemed best to commence at 
the northern line of that work, and continue northward and west- 
ward, taking for the season of 1877 the country from Fort 
Steele, Wyoming Territory, to Ogden, Utah, or, more exactly, 
from longitude 107 to 112 , and northward to the Yellowstone 
Park. 

The primary-triangulation party, in charge of Mr. A. D. Wil- 
son, chief topographer of the survey, took the field from Raw- 
lins Springs, W. T. Near this point a base-line was measured 
with great accuracy, from which a net-work of triangles was 
extended over the country to the north and west, locating at 
intervals of from twenty to thirty miles, some prominent peaks 
upon which stone monuments were built, in order that the topog- 
raphers could recognize the points thus fixed for them. Upon 
these points was based the system of secondary triangulation. 

From the base at Rawlins, the work was carried northward to 
the Sweetwater mountains, and thence to the Wind River range. 
Upon some of the more prominent peaks of the latter range, such 
as Fremont's peak, the stations were made with much difficulty, 
owing to the great masses of snow found there during the month 
of June, when the party was working. From this range the 
work was carried across the Green River basin to the mountains 
on the west and north, where several stations were >x made. The 
work was resumed to the west as far as Fort Hall, Idaho, and 
thence south to the vicinity of Bear lake, where another base, or 
base of verification, was measured; thence south as far as Ogden 
and Evanston, connecting with the triangulation of the Fortieth 
Parallel Survey at these points. From Evanston the party marched 
eastward, making some stations north of the railroad, thus bring- 
ing the work back to the point of beginning, Rawlins Springs, 
where the party was disbanded for the season. 

The area assigned to the Green River division, under the direc- 
tion of Mr. Henry Gannett, was rectangle No. 56, which is limited 
on the east and west by the meridians of 109 30' and 112 , and 
on the north and south by the parallels of 43 ° and 41 ° 45'. This 
is an area of about 11,000 square miles, lying in parts of Wyo- 
ming, Utah and Idaho. The party took the field at Green River 
city, Wyoming, on June 1st. They first surveyed the drainage of 
Green River basin. For this purpose they travelled up the Big 
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Sandy, a large eastern branch of the Green, to the foot of the 
Wind River mountains ; thence crossing the head of the basin, 
fording the large and rapidly rising streams which make up the 
New Fork of the Green, they reached the main Green, and trav- 
eled down its western bank, going in to Granger, Wyoming, on 
the Union Pacific Railroad, for supplies on June 23d. 

The party left the field at Ogden, Utah, on September 30th, 
having been in the field just four months. The area surveyed 
was between 12,000 and 13,000 square miles; 347 stations and 
locations were made, 53 of the stations being important ones, 
were marked with stone monuments for future reference. 

The geological work of Dr. A. C. Peale in the Green River 
district connected directly with the western edge of the Sweet- 
water district. With the exception of a small area of granite 
along the south-western side of the Wind River mountains, and 
some basaltic flows in the north-western portion of the district, 
the rocks are sedimentary, including the rocks from the Silurian 
to very late Tertiary age. 

The first month of the season was occupied mainly with the 
survey of the Green River basin. 

The next area taken up was that lying between Green river 
and the Bear, with a strip along the northern edge of the district, 
reaching westward beyond Fort Hall. 

The Blackfoot, Portneuf, and Bear all have basalt in their val- 
leys. On the Portneuf it extends almost to the Snake River 
plain, appearing as a narrow belt. Its surface slopes, but not so 
much as the present bed of the stream. In some places the vol- 
canic rock appears to have pushed the river to the western side 
of the valley. The lower valley of the Portneuf is interesting 
from the fact that it is the probable ancient outlet of the great 
lake that once filled the Salt Lake basin. At the head of Marsh 
creek, which occupies the valley, continuing directly south from 
that of the Lower Portneuf, is the lowest pass between the Great 
Basin and the drainage of the Columbia. In fact, so low and flat 
is it that a marsh directly connects the two streams, one flowing 
to the Bear and the other to the Portneuf and Snake rivers. 

The bend of Bear river at Soda springs is one of the most 
remarkable features of the whole district. Rising in the Uintah 
mountains, Bear river flows northward for over two hundred 
miles, and at Soda springs bends abruptly and flows southward 
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toward Salt lake. After it emerges from the gap west of Soda 
springs, it flows out into a wide valley which opens directly into 
that of the Upper Portneuf. In this valley the divide between 
the two rivers is only a basalt plain, and in the eruption of this 
lava we may look for the clew to the extraordinary course of 
Bear river. 

The latter half of the season was devoted to Bear river, Bear 
lake, and Cache and Malade valleys. 

There is but little doubt that the waters which once filled the 
Salt Lake basin covered also the broad Cache valley. The 
modern tertiary deposits are found jutting against the mountains, 
and seem to pass gradually into the more recent deposits found 
in the central portion of the valley. The clays, sands and marls 
of these modern beds are beautifully exposed along Bear river, 
which cuts its way across the north-western part of the valley. 
On the west the mountains are broken or isolated ranges, which 
seem to have risen above the waters of the old lake as islands. 
The terraces are well marked on their sides, connecting with the 
Salt Lake valley through the gap of Bear river. 

West of this gap, and extending northward, is the Malade 
valley. It is broad and filled with modern lake deposits. Silu- 
rian rocks outcrop on the east and Carboniferous on the west. At 
the divide between the Malade and Marsh creek is another of the 
old outlets of the ancient Salt lake when its waters were at the 
highest level. Although the area surveyed was large (13,000 
square miles), good collections of fossils were made and data 
obtained for the elucidation of many interesting problems in 
relation to the age of the mountains. 

Dr. F. M. Endlich, geologist of the Sweetwater divison, states 
that within the area described above he found a well diversified 
country. A portion of the Wind River mountains in the north-west 
corner, the Sweetwater and Seminole hills toward the eastward, in 
addition to the lower bluff-country in the southern portion, fur- 
nished material at once full of interest to the student and to the 
surveyor. 

On July 5th the party left Stambaugh and marched toward the 
low valleys belonging to the Wind River drainage. The difference 
in elevation amounted to about 3,000 feet, and the temperature of 
the atmosphere was consequently much higher. With the change of 
elevation the geological formations change. Instead of the youngest 
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beds resting directly upon metamorphics, we now find a full series of 
the sedimentary formations, beginning with the Silurian. Numer- 
ous interesting stratigraphical phenomena were observed and 
studied with a view to determine their relations to the main 
mountain-chain. An ample amount of evidence has been obtained, 
more particularly by this means, to speak positively respecting 
the geological age of the Wind River mountains. These latter, in 
this region, form the main Rocky Mountain chain, and the deter- 
mination of their age will necessarily throw much light upon the 
same question arising in other portions of the same range. It 
will be possible to speak with a certain degree of precision of 
either the local, varying (as to time) elevation of the mountains 
or to refer it to one particular epoch for the distance of many 
hundreds of miles. 

Camp Brown is located in the valley of the Lfttle Wind river, 
which there is of considerable breadth. The famous hot springs 
there were examined. As the main peaks of the Wind Rivet 
mountains were mostly inaccessible from the east side, it was 
deemed advisable to make the ascents of the highest from the 
west. Therefore the party traveled along the eastern foot-hills, 
through a very rugged country, until Stambaugh was reached. 

July 22d the party again left Stambaugh and marched along 
the headwaters first of Sweetwater river and then of the eastern 
tributaries of Green river. Several of the highest peaks were 
ascended, and the greatest altitude reached found to be about 
13,700 feet. This latter was on what the settlers generally des- 
ignate as Fremont's Peak. From careful comparison of Fre- 
mont's report with the observations made by the party, it is 
evident that a misapplication of the name has been made, and 
that the peak in question is not the one ascended by that intrepid 
explorer of an "early day." 

Having reached the northern limit of the district, the route 
was reversed and the western foot-hills of the main ranges exam- 
ined. Here, as well as in the mountains proper, were noticed the 
remains of enormous ancient glaciers. Moraines, covering many 
square miles, often a thousand feet in thickness, extend down- 
ward through narrow valleys, now containing rushing streams. 
Striation, grooving and mirror-like polish of rock in situ denote 
the course taken by the moving ice-fields that have left these 
marks of their former existence. From all appearance the cessa- 
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tion of glacial activity must have occurred within a comparatively 
recent time. Scarcely any vegetation has sprung up on the light 
glacial soil, and the characteristic distribution of erratic material 
bears every evidence of freshness. Considering the enormous 
amount of snow and ice that was observed by the party exploring 
(latter part of July and beginning of August), the view was 
expressed by the geologist that the discovery of still active gla- 
ciers in that range would by no means be surprising. 

Returning for the last time to Stambaugh, the route was taken 
in an easterly direction along the Sweetwater and its. drainage. 
First, the adjacent drainage of the Wind river was surveyed, and 
the divide between the two streams crossed. All along the 
Sweetwater the characteristic "Sweetwater group" of tertiary age 
was found to occur. It has been named and described in my 
former publications. This continued uninterruptedly until a series 
of hills north of the river opposite Seminole Pass, was reached. 
These consist merely in projections of granite that during the 
tertiary epoch, and probably long before that, had remained as 
islands above a widely-extended sea. Apart from their singu- 
larly unique character in this respect, the granite itself possesses 
a peculiarity that renders it at once conspicuous. Owing to the 
distribution of component minerals this granite is in a high 
degree subject to exfoliation. Probably the main cause of this 
may be found in the action of freezing water. The result as 
observed is striking. Instead of the rugged outlines usually 
presented by isolated granitic outcrops, we find a series of 
rounded, smooth, almost totally barren hills. To such an extent 
is this feature developed that many of them offer serious obsta- 
cles to an attempted ascent. A locality where the celebrated 
moss-agates occurred in great quantities was found in that region, 
and the geognostic horizon of these interesting quartz varieties 
was established. 

The district assigned to the Teton division, directed by Mr. G. 
R. Bechler, was situated between the parallels 43 ° and 44 15' of 
north latitude and the meridians 109 and 11 2° of west longi- 
tude. This area is drained by the branches of Shoshone or 
Snake river. The first portion surveyed by this division lies 
along the Blackfoot river and its tributaries. 

After having completed the area described above, Mr. Bechler 
returned to Fort Hall for supplies, and then passed up Henry'^ 
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Fork to the northern portion of the Teton mountains, where 
he spent several weeks investigating this snow-covered range; 
then, crossing Pierre's basin, surveyed the lofty group to which 
in 1872 he gave the name of Pierre's Hole mountains. These 
ranges are characterized by as great ruggedness and inaccessibil- 
ity as any other mountains in the north-west. 

Fronting the Grosventre range on the north rises another 
mountain cluster, separated from the former by the Grosventre 
river. This range forms the divide between the latter river and 
the Buffalo Fork of the Snake. It connects with the main Rocky 
mountains near the sources of Wind and Gosventre rivers and 
the Buffalo Fork of the Snake, and culminates near its western 
end in Mount Leidy. Mr. Bechler occupied two weeks in a care- 
ful survey of a part of the Grosventre range, the entire Mount 
Leidy group, with the Upper Snake River valley and its numerous 
interesting features. 

North of the Buffalo Fork of the Snake, his observations ex- 
tended into that densely wooded mountain region which connects 
to the north with the Mount Sheridan group near the Yellow- 
stone, Lewis and Shoshone lakes. 

About the 1st of September he left the waters of Snake river 
and marched along the rugged and densely timbered mountain 
spurs toward the Upper Wind River pass, and, after crossing the 
latter, entered Wind River valley, having the Owl mountains on 
the left and the Wind River range on the right. As he was 
about to cross over the Warm Spring pass of the Wind River 
mountains into the Green River valley to survey the southern 
ends of the Grosventre and Salt River ranges, he received a notice 
through Indian scouts, from the commander of the military post 
at Camp Brown, to leave the country on account of the danger 
of hostile Indians. On this account nearly a month of valuable 
time was lost, abridging somewhat the results of the season's 
work. Notwithstanding the various difficulties which this party 
encountered, they surveyed an area of about 6,000 square miles 
of the most rugged mountain country in the north-west, and made 
one hundred and ten reliable observations with the mercurial 
barometer. Mr. Bechler, throughout his district, personally 
observed 7,340 horizontal angles and 5,700 angles of elevation 
and depression; they repeated backward and forward, and were 
checked by good barometric observations. 
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Mr. Orestes St. John, geologist of the Teton division, entering 
the field assigned to the Teton division of the survey at its south- 
western corner, the first five weeks were devoted to the examina- 
tion of the region lying in the great northern bend of the Snake 
river, and which includes an area of 1,700 to 2,000 square miles. 

The Blackfoot mountains are mainly composed of Carbonifer- 
ous strata, which mainly represent the earlier period, whose 
epochs are indicated by similar palaeontological peculiarities 
which distinguish the Lower Carboniferous formations in the 
Mississippi basin, and which more extended research will doubt- 
less reveal in this distant region. But one of the most interesting 
discoveries in this connection was the presence of fish-remains, 
representing several forms identical with or closely allied to 
Keokuk species of the genera Cladodus, Petalodus, Antliodtts, 
Helodus. 

Dr. White, the palaeontologist of the survey, has shown the 
identity of the lignitic series of strata east of the Rocky mount- 
ains in Colorado with the Fort Union group of the Upper Mis- 
souri river, and also its identity with the great Laramie group of 
the Green River basin and other portions of the region west of 
the Rocky mountains. He also finds the planes of demarkation 
between any of the Mesozoic and Cenozoic groups, from the 
Dakota to the Bridger inclusive, to be either very obscure or inde- 
finable; showing that whatever catastrophal or secular changes 
took place elsewhere during all that time, sedimentation was 
probably continuous in what is now that part of the continent 
from the earliest to the latest of the epochs just named. Other 
results and further details of the season's work will appear in the 
following paragraphs. 

The general course of travel pursued by Dr. White during the 
season was as follows, not including the numerous detours, 
meanderings and side trips which the work necessitated: Outfit- 
ting at Cheyenne, he journeyed southward, traversing in various 
directions a portion of the great plains which lie immediately 
adjacent to the eastern base of the Rocky mountains in Colorado. 
The most easterly point thus reached was some sixty miles east 
of the base of the mountains and the most southerly point about 
twenty-five miles south of Denver. Returning to Denver to 
renew his outfit, he crossed the Rocky mountains by way of 
Boulder pass through Middle park. After making certain com- 
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parative examinations of the Mesozoic and Cenozoic formations 
in Middle park he proceeded westward to the headwaters of the 
Yampa river, following that stream down to the western foot-hills 
of the Park range of mountains. 

Here resuming his comparative examinations of the Mesozoic 
and Cenozoic strata, he passed down the valley of the Yampa as 
far as Yampa mountain, one of those peculiar and remarkable up- 
thrusts of Palaeozoic rocks through Mesozoic strata. In all this 
area, as well as that between the Yampa and White rivers, the 
Laramie group reaches a very great and characteristic develop- 
ment, and it received careful investigation, yielding some of the 
most important results of the season's work. Crossing the 
ground between the two rivers named to White River Indian 
agency, thence down White River valley about one hundred 
miles; thence to Green river, crossing it at the southern base of 
the Uintah mountains, making many detours on the way, he 
reviewed the geology of the region which he had surveyed 
during the previous season. This review brought out not only 
the important palseontological facts before referred to, but it also 
added materially to the elucidation of the geological structure of 
the region which lies between the eastern end of the Uintah 
mountain range on the west and the Park range on the east. 

Beyond Green river he pursued his travels westward, studying 
the Mesozoic and Cenozoic strata that flank the Uintah range 
upon its south side, and making comparisons of both their litho- 
logical and palseontological characteristics. 

In this way he traversed the whole length of the Uintah range, 
crossing at its junction with the Wasatch range over into the val- 
ley of Great Salt lake. Recrossing the Wasatch to the north 
side of the Uintah range he continued his examinations of the 
Cretaceous and Tertiary strata into and entirely across the great 
Green River basin, leaving the field at the close of the season at 
Rawlins station on the Union Pacific railroad. 

A general statement of the results of the season's work has 
been given in a previous paragraph, but the following additional 
summary will make the statement somewhat clearer, being made 
after the route of the season's travel had been indicated. The 
formations of later Mesozoic and earlier Cenozoic ages, especially 
those to which Dr. White in former publications, has applied the 
provisional designation of "Post-Cretaceous," have received par- 
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ticular attention. The extensive explorations of Dr. Hayden in 
former years, and the palaeontological investigations of the late 
Mr. Meek, pointed strongly to the equivalency of the Fort Union 
beds of the Upper Missouri river with the lignitic formation as it 
exists along the base of the Rocky mountains in Colorado, and 
also to the equivalency of the latter with the Bitter Creek series 
west of the Rocky mountains. The investigations of this year 
have fully confirmed these views by the discovery not merely of 
one or two doubtful species common to the strata of each of 
these regions, but by an identical molluscan fauna ranging through 
the whole series in each of the regions named. 

This shows that the strata just referred to all belong to one 
well-marked period of geological time, to the strata of which Mr. 
King has applied the name of " Laramie group" (Point of Rocks 
group of Powell). His investigations also show that the strata, 
which in former reports by himself and Professor Powell have 
been referred to the base of the Wasatch group, also belong to 
the Laramie group and not to the Wasatch. He has reached this 
later conclusion not merely because there is a similarity of type 
in the fossils obtained from the various strata of the Laramie 
group with those that were before in question, but by the specific 
identity of many fossils that range from the base of the Laramie 
group up into and through the strata that were formerly referred 
to the base of the Wasatch. Furthermore, some of these species 
are found in the Laramie strata on both sides of the Rocky 
mountains. Thus the vertical range of some of these species is 
no less than three thousand feet, and their present known geo- 
graphical range more than a thousand miles. 

Besides the recognition of the unity of the widely-distributed 
members of the formation of this great geological period, bounded 
by those of undoubted Cretaceous age below and those of equally 
undoubted Tertiary age above, his further observations have left 
comparatively little doubt that the " Lake Beds " of Dr. Hayden, 
as seen in Middle Park, the 0" Brown's Park group" of Professor 
Powell, and the "Uintah group" of Mr. King, all belong to one 
and the same epoch, later than and distinctly separate from the 
Bridger group. 

In that portion of the region which lies adjacent to the southern 
base of the Uintah Mountain range, and which is traversed by 
Lake fork and the Du Chesne river, not only the Uintah group, 
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but both the Green River and Bridger groups also are well devel- 
oped, each possessing all its peculiar and usual characteristics as 
seen at the typical localities in the great Green River basin, north 
of the Uintah mountains. This, added to the known existence of 
Bridger strata in White River valley, and the extensive area occu- 
pied by the Green River group between White and Grand rivers, 
has added very largely to our knowledge of the southward exten-"" 
sion of those formations. 

In all the comparative examinations of the formations or groups 
of strata that have just been indicated, he has paid especial atten- 
tion to their boundaries, or planes of demarkation, crossing and 
recrossing them wherever opportunity offered, noting carefully 
every change of both lithological and palaeontological characters. 
While he has been able to recognize with satisfactory clearness 
the three principal groups of Cretaceous strata, namely, the 
Dakota, Colorado, and Fox hills, on both sides of the Rocky and 
Uintah mountains, respectively, they evidently constitute an un- 
broken series, so far as their origin by continuous sedimentation 
is concerned. While each of the groups possesses its own pecu- 
cliar palaeontological characteristics, it is also true that certain spe- 
cies pass beyond the recognized boundaries of each within the 
series. 

The stratigraphical plane of demarkation between the Fox hills, 
the uppermost of the undoubted Cretaceous groups, and the Lara- 
mie group, the so-called Post-Cretaceous, is equally obscure ; but 
the two groups are palseontologically very distinct, inasmuch as 
the former is of marine origin, while the latter, so far as is now 
known, contains only brackish-water and fresh-water invertebrate 
forms. He reports a similar obscurity, or absence of a strati- 
graphical plane of demarkation, between the Laramie and Wasatch 
groups, although it is there that the final change from brackish to 
entirely fresh water took place over that great region. Further- 
more, he finds that while the three principal groups of the fresh- 
water Tertiary series west of the Rocky mountains, namely, the 
Wasatch, Green river, and Bridger groups, have each peculiar 
characteristics, and are recognizable with satisfactory distinctness 
as general divisions, they really constitute a continuous series of 
strata, not separated by sharply-defined planes of demarkation, 
either stratigraphical or palaeontological. 

Messrs. S. H. Scudder, of Cambridge, and F. C. Bowditch, of 
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Boston, spent two months in Colorado, Wyoming, and Utah, in 
explorations for fossil insects, and in collecting recent Coleoptera 
and Orthoptera, especially in the higher regions. They made 
large collections of recent insects at different points along the 
railways from Pueblo to Cheyenne and from Cheyenne to Salt 
Lake, as well as at Lakin, Kans., Garland and Georgetown, Colo, 
and in various parts of the South Park and surrounding region. 

For want of time, they were obliged to forego an anticipated 
trip to White river, to explore the beds of fossil insects known to 
exist there. Ten days were spent at Green river and vicinity in 
examining the Tertiary strata for fossil insects, with but poor re- 
sults ; the Tertiary beds of the South Park yielded but a single 
determinable insect, but near Florissant the Tertiary basin, de- 
scribed by Dr. A. C. Peale in the annual report of the Survey, for 
1873, was found to be exceedingly rich in insects and plants. 

In company with Rev. Mr. Lakes, of Golden, Mr. Scudder spent 
several days in a careful survey of this basin and estimates the in- 
sect-bearing shales to have an extent at least fifty times as great 
as those of the famous locality at CEningen in Southern Bavaria. 
From six to seven thousand insects and two or three thousand 
plants have already been received from Florissant, and as many 
more will be received before the close of the year. 

Mr. Scudder was also able to make arrangements in person with 
parties who have found a new and very interesting locality of Ter- 
tiary strata in Wyoming, to send him all the specimens they work 
out, and he confidently anticipates receiving several thousand in- 
sects from them in the course of the coming winter. The speci- 
mens from this locality are remarkable for their beauty. There is, 
therefore, every reason to believe that the Tertiary strata of the 
Rocky mountain region are richer in remains of fossil insects than 
any other country in the world, and that within a few months the 
material at hand for the elaboration of the work on fossil insects, 
which Mr. Scudder has in preparation for the Survey, will be much 
larger than was ever before subject to the investigation of a single 
naturalist. 

Prof. Joseph Leidy, the eminent comparative anatomist and mi- 
croscopist, made his second visit to the West the past season, under 
the auspices of the Survey. He made a careful exploration of the 
country about Fort Bridger, Uintah mountains, and the Salt Lake 
basin, in search of rhizopods. He has been engaged for a long 
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time on a memoir on this subject, which will eventually form one 
of the series of the quarto reports of the Survey. 

The botany of the Survey was represented the past season by 
the two great masters of that department, Sir Joseph D. Hooker, 
director of the Gardens of Kew, England, and president of the 
Royal Society of London ; and Prof. Asa Gray, of Cambridge, 
Mass. Their examinations extended over a great portion of 
Colorado, Wyoming, Utah, Nevada, and California. Their in- 
vestigations into the alpine floras and tree vegetation of the 
Rocky mountains and Sierra Nevada enabled them to give a 
clear idea of the relations and influence of the climatic conditions 
on both sides of the great mountain-ranges. 

Sir Joseph Hooker, whose botanical researches embrace the 
greater part of Europe ; the Indies from the bay of Bengal across 
the Himalayas to Thibet ; the Antarctic regions and the southern 
part of South America, New Zealand, Australia, South Africa, 
Morocco and Asia Minor, presents in the English periodical 
"Nature" for October 25, an outline of his studies during 
the season, and this outline when filled out will form a most 
important report for the eleventh annual report of the Sur- 
vey. It will be seen at a glance that the report will be of the most 
comprehensive character, and cannot fail to be of the highest in- 
terest to our people. The tree vegetation, and especially the 
coniferae, were made special objects of study, and many obscure 
points were cleared up. 

Of a section of the Rocky mountains comprising Colorado, Wy- 
oming, and Utah, Dr. Hooker says : 

Such a section of the Rocky mountains must hence contain 
representatives of three very distinct American floras, each char- 
acteristic of immense areas of the continent. There are two 
temperate and two cold or mountain floras, viz : (1) a prairie flora 
derived from the eastward ; (2) a so-called desert and saline flora 
derived from the west; (3) a subalpine; and (4) an alpine flora; 
the two latter of widely different origin, and in one sense proper 
to the Rocky Mountain ranges. 

The principal American regions with which the comparison 
will have first to be instituted are four. Two of these are in a 
broad sense humid ; one, that of the Atlantic coast, and which 
extends thence west to the Mississippi river, including the forested 
shores of that river's western affluents ; the other, that of the Pa- 
cific side, from the Sierra Nevada to the western ocean ; and two 
inland, that of the northern part of the continent extending to the 
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Polar regions, and that of the southern part extending through 
New Mexico to the Cordillera of Mexico proper. 

The first and second (Atlantic plus Mississippi and Pacific) 
regions are traversed by meridional chains of mountains approxi- 
mately parallel to the Rocky mountains, namely, on the Atlantic 
side by the various systems often included under the general 
term Appalachian, which extend from Maine to Georgia, and on 
the Pacific side by the Sierra Nevada, which bound California on 
the east. The third and fourth of the regions present a continua- 
tion of the Rocky mountains of Colorado and Utah, flanked for a 
certain distance by an eastern prairie flora extending from the 
British Possessions to Texas, and a western desert or saline flora, 
extending from the Snake river to Arizona and Mexico. Thus 
the Colorado and Utah floras might be expected to contain repre- 
sentatives of all the various vegetations of North America, except 
the small tropical region of Florida, which is confined to the ex- 
treme south-east of the continent. 

The most singular botanical feature of North America is un- 
questionably the marked contrast between its two humid floras, 
namely, those of the Atlantic plus Mississippi, and the Pacific 
one ; this has been ably illustrated and discussed by Dr. Gray, in 
various communications to the American Academy of Sciences, 
and elsewhere, and he has further largely traced the peculiarities 
of each to their source, thus laying the foundation for all future 
researches into the botanical geography of North America ; but 
the relations of the dry intermediate region either to these or to 
the floras of other countries had not been similarly treated, and 
this we hope that we have now materials for discussing. 

Dr. Hooker sums up the results of the joint investigations of 
Dr. Gray and himself, aided by Dr. Gray's previously intimate 
knowledge of the elements of the American flora, from the Mis- 
sissippi to the Pacific coast : 

The vegetation of the middle latitudes of the continent resolves 
itself into three principal meridional floras, incomparably more 
diverse than those presented by any similar meridians in the Old 
World, being, in fact, as far as the trees, shrubs, and many genera 
of herbaceous plants are concerned, absolutely distinct. These 
are the two humid and the dry intermediate regions above in- 
dicated. 

Each of these, again, is subdivisible into three, as follows : 

1. The Atlantic slope plus Mississippi region, subdivisible into 
(a) an Atlantic (/?), a Mississippi valley, and (r) an interposed 
mountain region with a temperate and subalpine flora. 

2. The Pacific slope, subdivisible into (a) a very humid, cool, 
forest-clad coast range ; (/?) the great, hot, drier Californian valley 
formed by the San Juan river flowing to the north and the Sacra- 
mento river flowing to the south, both into the bay of San Fran- 
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cisco ; and if) the Sierra Nevada flora, temperate, subalpine and 
alpine. 

3. The Rocky Mountain region (in its widest sense extending 
from the Mississippi beyond its forest region to the Sierra Nevada), 
subdivisible into («) a prarie flora, (/J) a desert or saline flora, (/) a 
Rocky Mountain proper flora, temperate, subalpine, and alpine. 

As above stated, the difference between the floras of the first 
and second of these regions is specifically, and to a great extent 
generically, absolute; not a pine or oak, maple, elm, plane or 
birch of Eastern America extends to Western, and genera of 
thirty to fifty species are confined to each. The Rocky Mountain 
region again, though abundantly distinct from both, has a few ele- 
ments of the eastern region and still more of the western. 

Many interesting facts connected with the origin and distribu- 
tion of American plants, and the introduction of various types 
into the three regions, presented themselves to our observation or 
our minds during our wanderings. Many of these are suggestive 
of comparative study with the admirable results of Heer's and 
Lesquereux's investigations into the Pliocene and Miocene plants 
of the north temperate and frigid zones, and which had already 
engaged Dr. Gray's attention, as may be found in his various pub- 
lications. No less interesting are the traces of the influence of a 
glacial and a warmer period in directing the course of migration 
of Arctic forms southward, and Mexican forms northward in the 
continent, and of the effects of the great body of water that occu- 
pied the whole saline region during (as it would appear) a glacial 
period. 

Lastly, curious information was obtained respecting the ages of 
not only the big trees of California, but of equally aged pines and 
junipers, which are proofs of that duration of existing conditions 
of climate for which evidence has hitherto been sought rather 
among fossil than among living organisms. 

Up to the year 1874 rumor had been telling many marvelous 
stories of strange and interesting habitations of a forgotten people, 
who once occupied the country about the headwaters of the Rio 
San Juan, but these narrations were so interwoven with romance 
that but few people placed much reliance upon them. To those 
well versed in archaeology, ruins of an extensive and interesting 
character were known to exist throughout New Mexico and Ari- 
zona, and the various reports of Abert, Johnson, Sitgreaves, Simp- 
son, Whipple, Newberry, and others form our most interesting 
chapter in ancient American history ; but their researches, aside 
from the meager accounts published by Newberry, throw no light 
on the marvelous cliff dwellings and towns north of the San Juan. 
In 1874 the photographic division of the United States Geological 
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Survey was instructed, in connection with its regular work, to visit 
and report upon these ruins, and in pursuance of this objeet made 
a hasty tour of the region about the Mesa Verde and the 
Sierra el Late, in South-western Colorado, the results of which 
trip, as expressed by Bancroft, in the Native Races of the Pacific 
Coast, " although made known to the world only through a three 
or four days' exploration by a party of three men, are of the 
greatest importance." A report was made and published, with 
fourteen illustrations, in the Bulletin of the United States Geolog- 
ical and Geographical Survey of the Territories, second series,. 
No. 1. 

The following year the same region was visited by Mr. W. H. 
Holmes, one of the geologists of the survey, and a careful investi- 
gation made of all the ruins. Mr. Jackson, who had made the re- 
port the previous year, also revisited this locality, but extended 
his explorations down the San Juan to the mouth of the De 
Chelly, and thence to the Moqui villages in North-eastern Arizona. 
Returning, the country between the Sierra Abajo and La Sal and 
the La Plata was traversed, and an immense number of very in- 
teresting ruins were first brought to the attention of the outside 
world by the report which was published the following winter by 
Messrs. Holmes and Jackson, in the Survey, Vol. II., No. 1. 

The occasion of the Centennial Exhibition at Philadelphia led 
to the idea of preparing models of these ruins for the clearer illus- 
tration of their peculiarities, four of which were completed in sea- 
son for the opening of the Exhibition. Since that time not only 
the number of these interesting models has been increased, but 
they have been perfected in execution, and faithful delineations 
have thus been secured of these mysterious remains of an extinct 
race who once lived within the borders of our western domain. 

A visit to the atelier of Mr. Jackson, photographer of the Sur- 
vey, enables one to inspect, in miniature size, the dwellings of the 
Moqui, and in full size a large collection of the ceramics and im- 
plements of those ancient and extinct people of our continent. A 
study of the models will give a very excellent idea of the ruined 
dwellings themselves. The first of these models, executed by Mr. 
Holmes, with whom the idea originated, represents the cliff house 
of the Mancos Canon, the exterior dimensions of which are 28 
inches in breadth by 46 inches in height, and on a scale of 1.24, 
or two feet to the inch. This is a two-story building, constructed. 
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of stone, occupying a narrow ledge in the vertical face of the bluff 
700 feet above the valley, and 200 feet from the top. It is 24 feet 
in length and 14 feet in depth, and divided into four rooms on the 
ground-floor. The beams supporting the second floor are all de- 
stroyed. The doorways, serving also as windows, were quite 
small, only one small aperture in the outer wall facing the valley. 
The exposed walls were lightly plastered over with clay, and so 
closely resembled the general surface of the bluff that it becomes 
exceedingly difficult to distinguish them at a little distance from 
their surroundings. 

The second model of this series was constructed by Mr. Jack- 
son, and represents the large " cave town," in the valley of Rio de 
Chelly near its junction with the San Juan. This town is located 
upon a narrow bench, occurring about 80 feet above the base of a 
perpendicular bluff some 300 feet in height. It is 545 feet in 
length, about 40 feet at its greatest depth, and shows about 75 
apartments on its ground-plan. The left-hand third of the town, 
as we face it, is overhung some distance by the bluff, protecting 
the buildings beneath much more perfectly than the others. This 
is the portion represented by the model. A three-story tower 
forms the central feature ; upon either side are rows of lesser 
buildings, built one above another upon the sloping floor of rock. 
Nearly all these buildings are in a fair state of preservation. This 
model is 37 by 47 inches, outside measurements, and the scale 
1.72, or 6 feet to the inch. A "restoration" of the above forms 
the third in the series, of the same size and scale, and is intended 
as its name implies, to represent as nearly as possible the original 
condition of the ruin. In this we see that the approaches were 
made by ladders and steps hewn in the rock, and that the roofs 
of one tier of rooms served as a terrace for those back of them, 
showing a similarity, at least, in their construction to the works of 
the Pueblos in New Mexico and Arizona. Scattered about over 
the buildings are miniature representations of the people at their 
various occupations, with pottery and other domestic utensils. 

The " triple-walled tower," at the head of the McElmo, is the 
subject of the fourth model. It was constructed by Mr. Holmes, 
and represents, as indicated by its title, a triple-walled tower, situ- 
ated in the midst of a considerable extent of lesser ruins, probably 
of dwellings, occupying a low bench bordering the dry wash of 
the McElmo. The tower is 42 feet in diameter, the wall two feet 
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thick, and now standing some 12 feet high. The two outer walls 
inclose a space of about 6 feet in width, which is divided into 14 
equally-sized rooms, communicating with one another by small 
window-like doorways. The next is a " cliff-house " in the valley 
of the Rio de Chelly. It is about 20 miles above the cave town 
already spoken of. This is a two-story house, about 20 feet square, 
occupying a ledge some 75 feet above the valley, and overhung by 
the bluff. The approach from the valley is by a series of steps 
hewn in the steep face of the rock ; and this method was the one 
most used by the occupants, although there is a way out to the 
top of the bluff. This model is 42 inches in height by 24 broad, 
and is built upon a scale of 1.36. 

Tewa, one of the seven Moqui towns in North-eastern Arizona, 
is a very interesting and instructive model, representing, as it 
does, one of the most ancient and best authenticated of the dwel- 
lings of a people who are supposed to be the descendants of the 
cliff-dwellers. Tewa is the first of the seven villages forming the 
province as we approach them from the east, and occupies the 
summit of a narrow mesa some 600 feet in height and 1,200 yards 
in length, upon which are also two other somewhat similar villages. 
The approach is by a circuitous road-way hewn in the perpendicular 
face of the bluff which surrounds the mesa upon all sides. It is the 
only approach accessible for animals to the three villages. Other 
ladder-like stairways are cut in the rock, which are used princi- 
pally by the water-carriers, for all their springs and reservoirs are 
at the bottom of the mesa. This village is represented upon a 
scale of 1 inch to 8 feet, or 1.96. The dimensions of the model 
are 36 inches in length, 29 inches in width and 14 inches in 
height. 

In the spring of 1877 Mr. Jackson made a tour over much of 
the northern part of New Mexico, and westward to the Moqui 
towns in Arizona, and secured materials for a number of very in- 
teresting models, illustrating the methods of the Pueblos or town- 
builders in the construction of their dwellings. Two villages 
have been selected for immediate construction, as showing the 
most ancient and best known examples of their peculiar architec- 
ture, viz: Taos and Acoma; the one of many-storied, terraced 
houses, and the other built high up on an impregnable rock. 
The model of Taos is now completed, the dimensions of which 
are 42 by 39 inches, and the scale one inch to twenty feet, 1 : 240. 
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Of this town Davis says: 

It is the best sample of the ancient mode of building. Here 
are two large houses three or four hundred feet in length, and 
about one hundred and fifty feet wide at the base. They are sit- 
uated upon opposite sides of a small creek, and in ancient times 
are said to have been connected with a bridge. They are five and 
six stories high, each story receding from the one below it, and 
thus forming a structure terraced from top to bottom. Each story 
is divided into numerous little compartments, the outer tier of 
rooms being lighted by small windows in the sides, while those in 
the interior of the building are dark, and are principally used as 
store-rooms. * * * The only means of entrance is through 
a trap-door in the roof, and you ascend from story to story by 
means of ladders on the outside, which are drawn up at night. 

Their contact with Europeans has modified somewhat, their 
ancient style of buildings, principally in substituting doorways in 
the walls of their houses for those in the roof. Their modern 
buildings are rarely over two stories in height, and are not distin- 
guishable from those of their Mexican neighbors. The village is sur- 
rounded by an adobe wall, which is first included within the limits 
of the model, and incloses an area of eleven or twelve acres in 
extent. Within this limit are four of their estufas or secret coun- 
cil-houses. These are circular under-ground apartments, with a 
narrow opening in the roof, surrounded by a palisade, ladders 
being used to go in and out. 

These models are first' carefully built up in clay, in which 
material all the detail is readily secured, and are then cast in 
plaster, a mold being secured by which they are readily multi- 
plied to any extent. They are then put in the hands of the 
artists and carefully colored in solid oil paints to accurately 
resemble their appearance in nature, and in case of restorations or 
modern buildings, all the little additions are made which will give 
them the appearance of occupation. The Survey is in possession 
of the data for the construction of many more models, and they 
will be brought out as opportunity is given. They have also, in 
connection with the views, multiplied many of the curious pieces 
of pottery which have been brought back from that region by 
the various parties connected with the survey. 



